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(54) PLASMA ETCHING SYSTEM AND METHOD 

(57)Abstract: 

PURPOSE: To suppress plasma polymerization 
reaction in a thin hole and prevent polymer from 
being adhered to the peripheral wall of the thin 
hole by controlling a gas supply means in a plasma 
etching system and speeding up the flow rate of 
gas through the thin hole of a shower electrode. 
CONSTITUTION: A wafer W is carried into a 
treatment chamber 1 and is sucked and retained 
on a chuck electrode 61. Ar gas, CF4 gas, and 
CHF3 gas are introduced into the treatment 
chamber 1 via the shower electrode 3 and at the 
same time the inside of the treatment chamber 1 
is evacuated. Then, a high-frequency power is 
applied between a cathode plate 54 and the chuck 
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electrode 61, thus generating discharge plasma, allowing gas plasma to react 
with the wafer W, and hence etching a wafer surface. In this case, since the 
flow rate of gas passing through a thin hole 55 is set to 100Km/hour or faster, 
gas is supplied to the thin hole 55 so that a mass flow rate is equal to or higher 
than 620Kg/m2/hour, thus preventing polymer from being adhered to the gas 
emission hole of the shower electrode 3 for a long-term continuous use. 
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(54) [§89J®£«;] 79Xvxy9->iti'Z7-LX[fi79XvXy9->!ttm 



(57) [gift] 

[IAN *»lll©«fflfc*^TbS/1'9-*««>#X 
#Hffi«EftT6 2 0 k g/m* /*ID£U:&&«£9C 
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1 

[mmh •77Xvz®c&tbz®%t. £©&$ 
omakbbu mn^vxi!is^mmzXyX^± 

#xa<SSfia8ST6 2 0 k g/m* /ltS!W£U:t&-5<fc 
ZfflSi tt * X^Xvx v T> X->XxA. 

[»M2] ai?L^s^x*t«ta-r?)«^ $^7 
[HM3] ai?L*^^x^ifimtsm^ ->*7 

— ttM© 1 8 Omi£-?©«ifflF'i-e 1 2 OmmJ&U; 

©flBHtc&^c: t S»«tTstt#S i E«©X7Xt 

[MM 4] 6mm^±<D\iy^mmt:m^m^ 
nit y-sffi^wr^ n t-rsttM i e 

[MM 5] 0. 8mm*^©^i!aaiPS£ ! bt3jBJ 

MMlBM©X?Xvxy3 l >Xi'XT-A. 

[MM 6] «?LOMn«Bitt*«1 0 075S 12 0101 
3 0«SHC**Jlt*Mafr*M*BlB«©^X 
VXy^>X->XT-.£». 

[MM 7 ] ftMttrnwanSMMflBWS'* 7-« 
«te»DttW&ftTV»«£i**«i:-r*M#niB« 
©X^Xvx-y^^^i/XT-A. 

[MM 8] 3"**7»-««ttP!MJM*TfcD, «?L*< 
MWMlfy?©M*ttBMfc&*J:3fc3'*7-««fc 

»jftanrv»»c t*M«tr«M*H i bh«©X5X 

[MM 91 i^7-«$ttRSJEMKTi&0> MAtf 
»WHKy*©HtoHEWfctt*J:3fc3'*7-m«fc 

»«anT^4tt&»at-r*X9Xvxs'?>^5/ 

[MM 1 0] SC&MSft©?* y 4>fiffiTS® 

*7-««©M?Lft»l-r*i*fcllffllHHr6 2 0 k 
g/m> /»|BItt±tft*J:5fcX?XvftjaUB»X* 
MMRCMAU 5'r7-«S££tf?¥9*ttM©m 
fcMESWMU fWWWlcX9XT***U £j£X 
5XTS£fifcflMfl$tt*Ci£fcatT*X5XTX 

[0 0 0 1] 

[S*J:©fiJffl»»] *529itt. ¥39#7XA$©S1S 
SX^XVXy^XrsX^XvXs/^^XT-A 



(2) ftB§¥7-7 00 1 

KtKX7Xvxy?>^ftlC«D. £<CMfr¥KM 
SSlyft -©±&«ffi t UTffl V> 6 ns ->■*• 7-fi 
MeMAIdMr*. 
[0002] 

[«E*©8ffi] ¥W#7XA©X<y?>jr«WBfcl, 

t, ««iA««ffi-r5-»©tia^^-rs¥ff¥«©ffiS! 

X5Xvxy?>^«B*t*«. VffMMMMXy* 
>X8®-Ctt. T««M±fc7XA«*BU 7xAfc 

i«ii»tT±a«a©#*©^x«ani^6X9Xv4«ffl 

w iix m^\iJ\of>ax^yv^yiix^) **s.m 

iDLT#X£X5XTfl;U ^©X^XvicioT^x 
Afcxy^xra. 

[0 0 03] 

B££lt--5 d t©*S±Bgt UTISIf$nfet>©T* 
0, 7xA£5KlKXy3 1 >Xr*&©lC#X«Ej& # 

x«Hi?L©t!y?. ^x«a?L©s^ifs+^ic#*L/ 

20 ft"b©£ttH*.&V>. 

[0 0 0 4] SB. **#rA'fX©A^->ttJi*tt 

c©j:3&fi««ii:i:iLT»7 

hJt©S#ttXy?>?)&t#JfflSns. iCST 
iSTX'S* hJtCS^ttXy^^SII^-rStCtt, X 
D-feX?Y>A-©rtfl£Sfi<-r^i£5.S^a&5. £©fc 

©, ymux&XyXimsh, c, o, F&^tf^u 
v-^±^sffi©^fxisffl?L©«iitcft^-rs. d©«k 

5fcttif# 'J -7-ttX7XTftS^W*^< tt*fc«9 

-OfclfSlCJiSgU »+Mm©J?3S:t>oS<t&IC*T^ 

jo -rs. ssictt, #«j-?-ifitt±8&mffia^?xA±'s 

[0 0 0 5] Jl©i5)ftii57X^i7hJt©S*tt 
X y 5 1 > X t il^©X v 9 y >ft \Z& Wt R C > V 7- 

T«8©->* 7-®ffi£«PiSUfcttntt"fc £>&V>. 
[0 0 0 6] *^Mtt±IBKS*^ft-r-5&*IC^$n 

Ztiflrt^XyX^^y^yif'yXf-ARZ^X^X^ 

40 x.y z\tiz$>z. 

[0 0 0 7] 

[nis^ft-rsfc©©^] *^ic«ssX7Xvx 

y^>if->X7-A\t, Xy XT * IB C&tb Soffit. C 
->Y7-«ffii:, C©->-v7-ffiffi*cfct;S0fa5 1 vyi' 

tiffiwratcx^xveffiSrBJjiD-rseiKt. we->v7 
-effi©»?Liciifflb. jffl?is^bTiif2$iirticX7 
xv^(«ffl©^xe««&i-*^at. MGM?L€aii-r 

50 5WI3«X^f!ftSSfi-C6 2 0k g/ra* /«fffl£t±,t 



(3) 

3 

[0 0 0 8] *%WlC«S-57 r 5XvXy^>^ 
£tt. Sfi^iBrtiOftyf^aiTfi^U $88lW 

«a?L?&a3i-rst$icHs»taT6 20k g/m j /»$ 

Rfl«±ifc£±5KXyXv±j£ffl;tfX£#S§l>ilC#A 

u MHffifflicXyxv&£&u £fi£Xyxv£g« 

[0 0 0 9} ^^©XyXviyy^X^XxAT 

1-£tir©;tfx©ii!ta£ii5ait;:-f5. £<\Z. ffl*L©H 
y3 1 £6mm«±, Kt;/;J;;fcttij8?L©g£0. 8 mm 
TkmttZ t. Sfi«EfiT6 2 0 k g/m J 

©#x 7 -affiled i^t< as. nz-p 

gfl&& (mass flow rale) j ttttK^ffloT^fiWrM 
[0 0 10] 

[fpffl] aaartic^wsx^XTa^s^tt^x^a© a? 
&a**£v>«£tt#x8&a#a< «a?Li*j©i3 

3>tS. fuT, SfiSSfiT6 2 0 kg/m 2 /l$IB 

sn. #UT-*»ai7L©«fi«c#JSPbt <<fc*. s 
- #uv-3jt£jssnfctbT*, s«£a©#x«Hc 

[0 0 11] 

mmmi *tt©BH*#au&a«5*«9i©a 

* ©^lfifisjt^t»T8iWr*. 0 1 tt#38i91©*16«l:: 

fii X 5 Xvx »/ ? >if ->X x a ^-r^ftusEg-r & 
fcft»snrv»*. jaas 1 ©±«s(ca©ffio.- y k 2 

©ay KCJ:D±Tft«ItBfc3a*Sft"0>*. 
[0 0 1 2] h2fcttS'-A'H'J>y2 5*» 

fl-SSn, ->-*PJ>X2 5CJfcl4?WIXDyir2 3 40 
*»«ftSnTV»*. *s-frW>9 2 5ttffi»#T3< 

enxus. »J3JXnyd;2 3K:ttrt»ii»4 2«JjBjS 
an-c^s. »»8iB4 i*>6Cj«a»4 2fcj | &iK*ta 

[0 0 13] S&fc»»Xny£2 3©EJiJrrtKttrty 
7*85 1, 5 2#&ttSnTV>£. #2?XDy?2 3 
©TSSSICtt->v7-«ffi3*ttfX 5 8T«KpI|glCBJ 

DttttShrna. sstP-HMsonMttttja'J^ 
^2 4K£oT»#Xny*2 3©«3Kffa*.ftttS 

nrv>*. so 



0 0 1 

[0 0 14] 5't7-SI3U*y-Ffi5 4*J:lW 
#85 3£ffla.-Sfci*T&0, «5 3. 5 4ttEWC» 
*3tlT»«. *V-h*«5 4im*77^*-#> 
STabO. »»«5 3»47*5->7A«Xtt7*5-5' 
A^»T?*-6. i"V7-«ffi3tt«i£»4 0 0KH 
z. «*<S1 3 0 0W©S5^K©iSl 2 lC«§[Wlc8iK 

an, -7jy^y?ea6 lBT-xsnr^-s. nn 

fcJ:9S'*7-««3£T#©3 l ryi'*«6 1 £TX 

[0015] fH 2 Ay 7 JHE 5 2 »$/ * *7-«« 3 ©II 
±fc(M U » 1 A*y 7JHS 5 1HI2 Ay 7)VWL 5 2 
©B±KttBU f2 6ffl^X«ePHIi;Vy7*S 

5 i©it±»c{fl:BbT^s. ^^7-«ffi3, sixr/ 

fg 2 ©Ay 7;MS 5 1,52 tt*»«K*TC. AOS 
^C^frKKtt&nT^*. JMAy7JMK5 124W& 
»XDy£2 3K«fcoT;tfXiSA£2 2AW$nTV) 
■6. SllKtf»2©Ay7JHS5 1, 5 2*iy^7 
-IBS 3 KBa«L 5 1a, 52a, 55 W^ft^tW 

jfcs*vcv>£. astasia. 52a, 5 5©gttz:© 

->v>7-Sffi3©*V-H«5 4^ffilC« 
%>®®.S 3tftt&l/T*!>. £©fir2J«5 3;MKj2 0'C 

icn^a ns c t k ± 0 * v- ks 5 4 tmnz <t 

SfcfcoTI^So J|MJlXny^2 3. JBlfttfJB 

2 ©Ay 7JHS 5 1. 5 2tt7;U3-'7A«Xtt7*3 

[0 0 16] #X*A£2 2©±6B*:*it;:tt;tfXft*&'g 

2 6©-jinp«»aabrv>*. #x0M&*2 6©»« 

ffl5tt3^fc^®L. 6#®<gttvX7D--ri>hn-y 
(MFC) 7 2 a, 7 2 b, 7 2 c fc-tn-ftlfi* UT 

#x&*&as7 i a, 7ib, 7 1 c ic-tn^naauT 

V)5. #X«#«7 1 afcttAr#X*t!R«aft. #X 
&«&fi(7 1 bCttCF< #X#iRg£n, 3tfX«*&ag 7 
lcCBCHFi ^X^lHSStlTH*. £#X#I&« 
7 1a, 7 1b, 7 1 ctiEEa«»l l *fll*.T*D. ffi 
7jP8f#©^SigB«iKttn > h D-y 7 0 ©HlTJgStSl 
JftSnT^S. Sfc. MFC7 2a, 7 2b, 7 2c© 

Bi«iw«iast>3> ha-y 7 o©m7jfflt»i^anT^ 

S. MFC72a, 7 2b, 7 2cli 3>r-D-y7 
0td«koT^X«f&ii7 1 a, 7 1b, 7 1c£«giJia 

*SiE7 l a, 7 1b, 7 1 c ttJEEA-JgWWWfcSn* 
A«. SMFC7 2a, 7 2 b, 7 2c »C*t->T»485fi- 

[0017] iaasi©Tg?ic«^vyf«ffi6 i^w 

®6 lffl±t«B$ns<fcaicaoT^S. y^y^tg 
ffi6 ltt. ^©ittifieiKE*^iaiffie^*^J&$ri-5 
#«^-vy^6 4<£«ja(UT^«>. 5 1 Yyi'mffi6 ltt 
7*5X7ASXtt7*5X«7A^ST7»S. ft*. 
Y 7-«ffi 3ttft7ffffi61 t©fflS[WIH*tJB 1 



5 

cmK&S,fc3fciS3ffi:HI;:EH<*nT^*. fty? 

[0018] ©as i <DTnm&fflz\m%'g i 1 a<8 

*-fe>ii-8 4*t®0Wt^nrV>S. JE^-fe>-9-8 4li 

2*3,fci;s^>^8 3 on^mnfrans 

[0 0 19] 02ic^fJ;5(c. ->-v7-ffiffi3©*y 
-HS5 4BJ93 4mm©Rfi*^ftO. ft33«5 3T 
A* «y ? 7 v ZfZt\Tc>&mz\t2,&<»Wf[. 5 5 *»»rtStl 

SfcoT^ttCE^JSnTV^. ffl?l5 5tt. »gd 
#0. 6mmT»D, If y5MBJRiP#7mm-C<&3. 8 
-f >?*XAffl©*y-F«5 4ttSg#2 8 5mmT 

$.0, C©*^lcaB?L5 5*t#«-r5^x»m««©B 
g£l 8 OmmEat-fS U>. 6^ 
>ffIAffl©*7- KS 5 4 «fig*<2 0 0 mmTft 
t). C©«^JCiffl?L5 5*t#ftf S#*i8ffl««©iag 

^^06ic^-r«k5{c, ->-v7-ma3s^tr^^wRi 

P*fc^Tftlt#fcE2&ll/T'&«fcV>. 
[0 0 2 0] H4K*TJ:5lt. *V-H««OlB?L5 

5 b 5 5 a <t 0 <b*gavh£ k h© 

Jttb, mK 5 5 a. 5 5 b£ffij§f -5#Xil&jg#/Jv£V> 
t, ag5 6©tC5lC#'jT-*t7 i ^^y hU #X 

v - h*sffli©jffl?L 55b \zmn\z < < fc**5-en# 

<fe<5. 

[0 0 2 1] &\Z, i'lJa^^xAWS^XVI';? 
>^T5ii^(C^ViTI8W-r5. ^lAWSffilS 1 \Z 
«Al. ft7f «ffi6 l±fc8«NR»f*. Arfl 
X, C F« #X> CHFs ^XS^y-SffiSS^L 

Tsaa^iwicWAf stt-bi^ fflasi^s^b 

TI*JE£0. 5 To r r HTOBEAK:**. * 
7-Fffi5 4i:^-.y?mg6 l©W(C40 0KHz, 

m*<si 3 0 ovt<D&misimi£&msa?z>. mic^o 

[0 0 2 2] -f-©SR, S£3l5©J;5tC^X«£)f*U 0 OK 

m/^W^TtS^t, 8BE5 5©^-c«aa^x*^ 
?x-?2su tLxmiis 5<z>mmz<v8t 

cnCWUT**SSWTtt)ffl?l5 5SajSTS^X 
©SSii* 1 0 0 Km/titmA±t?Zftib\Z, RttttEffi 
T6 2 0 kg/m l /ftMJy±£fc*<k5K:#X£fffl?l 

5 5ic«j&-rs. 

[0023] a7«ffl«iicy5Xv&a^ffi*ti5. m 



(4) &BW7-7 0 0 1 

6 

mzi#.<DVx/\izmLittm&® wjv-) ©a 
»£ t o tfi Affssico^ria^fciie^s^'r^ia 

Tfc*. C7iA#Jg#'JT-©IS»*<4 5fflifeia^-5t 

[0024] 3-&£©.t3K#x^ss»irr<&4:. 

^5X7«t^-l:»4l/, 0. 15To 

rrA>63. OTor rSW5. •£©tS£7X'S? 

[0 0 2 5] S8«»7X^^ hit©X<y^>^Snfc 
^iA©»rfflE3Tas. '?XAtp*g8lCfe^T'fc^»gS 
iCfc^Tfc^-lCX-y^V^nTV^. OiA 
it±©^xaS»*^^Tn > ta-^->5 a. 

fc&C:. 09:fc«fctf01 5IC^TJ:3IC. #X«->*7 
-^y \ t ±mfre>*i-\zmi&2tlZ'b<DtGi%.TZ>. T 
fE©£#T->5 a W— i V a > 0&. 

#V-F7>-F*8?litg (mm) d = 0. 

6. 0. 8 

->¥7-effi©#X«*Ng#©ifig « = 2r. 

(j^r^-iSg (mm) ) =16 
0. 18 0, 2 10 
7n-feX&# 

tfXiffidc : CF< 3 0 (SCCM) 

: CHFs 3 0 (SCCM) 

30 : Ar 600 (SCCM) 

#X«5tt :±E3«#X£i!-&LftiI£:tfX©¥i$ 

tfXSSIMKffi : ffi«SS5 (fcfc*U S^lgfflrtfflClSi; 

T?gs*^ft-r 5 c «t s^irr * . 

[0026] 

&tl : ^xA±iB©^g|!&S«P^JE*P. t 

-rat, 

P« =0. 6 (To r r) 
g*P^t#XJ»AP©gEEAP£T££, 
40 AP=1 0. 9 (To r r) 

mm #x«E£ft»©i§£fi. mumm^-v- 

^fflST=l 0 0"C»:fc*. 
[0 0 2 7] : E^tHf©«^tt, -)i/MT-SiS 
T. =6 ot: 

•/V7-Ay HT-)£a§[T. =25 O'CtJS^. 
[0 0 2 8] ->Y7-Bg (t8g»C*ltS^Xi«dl®« 
©|gg) & 1 6 0mm, 1 8 Onm, 2 1 Omtffix&Tilt 



(5) 

7 

state, wmtiz<DmBtW!kiitf*om!tnz&zm 

[0 0 2 9] HI 075SB1 2tt. ->v7-SgS16 
Odd, 1 8 Omm, 2 1 Oramta*?*: AT^XgJiSttffil' 

©B^6?H 5 ll, Ay7)V5 1 ri>6v"V t 7-'\ 

a*. #xSfcii©tfe>c>£«;*:€rK zoztWUjyji w 

5 1. 5 2tt#XS#&3li-*«!itMrtS#, 

->■* 7-^? h 5 3 £7xAW£©MTtt<P$tlg&a> 
£ fl BU \Z (Sj o T B tf- $ # X ft £ *t Ji JO U T V» 

«. ^©ctteS'^-Ay F3at#x8ft&£i$-•ffc;-r 
*«fil£Wt-s;I<h£s:l!^clxT^>s. 

[0 0 3 0] ft*, H9IC*-rg±flB©Ay7;V5 0« 

SESILi «16nD. SiSiLj 1416. 5n. E«L> (4 
2 4 no (=2 Omm+ 4mm) , gRELo «1 Oh, ¥2r a? 
t 8110. 5mn, ¥gn»l 6 Onm (*ftttl 8 0m 
m*fctt2 1 Omm) "C&<5. 

[0 0 3 1] HI 0*»6W6*»ft«tdlC, ->-v7-flig 
**1 6 Omi©«^tt7xA«t»*a!*>6«ftlBlCiej*»or 

t>sg©fc*>Tg , &;*;€rn. rnic^UTHi lfcitf 
HI 2*>6W6*^«fc5lC, i"v7-fcg*«l 8 0m* 

<fct;2 1 OHO««»^xA>t*Afffl>&nmR:i43a»o 

T#X«SittS«-)<£T&D. £IW>fcK 

[0 0 3 2] *IC, HI 3*3«fc^Hl 4£#HUT#X 30 
«*©»*»ttKot>TRW"r«. HI 3tt«ttllC7x 
Af6fr6«!>Ellr (mm) ££D, ftttlCflXSg v 

(m/tM *i?T, «a?LfiSO. 6 !«■©->+• 7-«« 
Kr>V>T«^fcll***f. HI 4J4*H*fc7x/N+4> 
*>6©H3*r (mm) *tD, 8ttte#X8ffiv (m/ 
#) *i:^T, ffl?iatSO. 8mm©5/-v7-«ffiK:tJVJ 
TiB^«:ie*S*-r. Hf, ll*ittv*7-»g#l 6 
Omm©IS*£, S^.H->-v7-a[S*il 8 Omm©iK* 
S. H=fttti/^7-«g*J2 1 Omm©^**. -en* 1 

n*-r. 40 

[0 0 3 3] WH*i&9JS*>fcJ:3fc, 7xAfi±©# 

»49x/MfiMJ>6tt«WC»*U. 7xAfl»«T?S* 
££5. ->^7-itg*U 6 Omm©«^ttKl8r75t8 0 
mm©&HT#X>t S©&*M 1 . 3 2m/&*i#^n 
fc. -> -V 7-H&** 18 0 mm©«£"teI£8S r *t 9 5 mm© 

ttST5tfxMS©fi^<a i . io m/mmimt. -> 

*7— figj&t2 1 Omm©lS'&ttEilr*tl 0 5mm©ffiH 
T#Xj$fi©S*<IO. 9 8m/fWt#e>nfc. 
[0 0 3 4] mt, 7xAiS±^lj-5^xaS©^* SO 



ftBI¥7-7 0 0 1 

8 

K^T&ttl/T**. HI 3£«fctfHl 4IC*lx£,fc 
5IC. 7xA¥g#ffl©#XiS««7xAEe«©ifi8 

-5. 

[0035] 2iiiTf4iaiH*#ttflrr*fcAic. his 

IC*-T ; Ex;HC*^T^X«>'-v7-^2/ F£H*»69 
-iCttl&SftSfeOtr*. i«r (7xA«t>^*»6© 
EH) 7-#X*ft««©¥gro £Q*8fr>« 
£ (r^ro ) fc. E«r**fiffir. «fcD**V»lS 
(r>ro ) tK«^«-UT*tweWRWr«. 

(a) r^ro ©#& 

7— \? H*ttH«l»fcDOJtfX««f ttT* (D T 
4A6ft*. &j£U ro (4->Y7-«S»C^t'S^X 

[0 0 3 6] 

f =Vo /rcro 3 - (1) 

re«r©&Hfc43tt*;tfX«SFt4T5£ (2) T#AS 

F = tc r 2 f 

= (r> Vo ) / (ro 1 ) - (2) 

«*F©#x#tfflfflf ajmcWHasttTss <s) t 

£T©*E8ST<fe*. 
[0 0 3 7] 

S = 2 k r L 5 — (3) 

iot, ^xjfSvttTS (4) -e^A^ns. 

v = F/S 

= (Vo /2rtLs ro 1 ) • r - (4) 

Htt*> 6 W 6 *»fc<fc 5 iC^fxaS v r CJtM UT 

r, ->Y7-¥gro *»/hs<an«&5eif^xjia 

(b) r>ro ©«S 

c©m« (5/ir7-jtfxomt«**^n&*w -e 

©*C, *X«ESFttTiC (5) IC^1-J;5ICVo(C^U 
[00 38] 

F=Vo - (5) 

tCT?, ^X^SvttTsS (6) »CioT*«>en5. 
v = F/S 

= (Vo /27rLs ) • (1/r) - (6) 
Z.tlfrt>W*>frtz£o\Z. #X»«vtt, *Sr*»*e 

[0039] $ti\zxxmmtx«j?u-ht®Mmz 

lyfl'- M47xA«t>it^6 9 OmmfBnfc.iiCSTjBJ 
ftLfc. C©a^eW6^&«k'5lC. ->^7-fiS2 r 



-5- 



(6) 



7-7 00 1 



9 



10 



MaffiTf*. unfit. az.mw'bt<»?i£x*j 

SI 

2ro 

(mm) (m/8>) 
160 1. 150 

180 1.033 
210 0. 7605 

xA«tM>#6 1 Omm8in&i:il5-CSl3£Ufcie*S* 
[0 0 4 1] ^mo&BIC*VJT , b^¥ , 7-itfil2 r 

[0 04 2] 

2 r 0 #X>£& t— Aft£ 

(ma) (m/«» (" ) 

160 0.1660 88.0 

180 0.1160 86.8 

210 0.8696 85.8 



S3 

2 r„ #X&S x-Aftg 

(ma) (m/?» C ) 

160 1.150 87.6 

180 1.033 87.0 

210 0.7605 86.0 
&|C» Xy?>>f&feiZ-3^X3>V3.-i?i'*AU- 

->a yzmiT&tiLfztsmzo^TSimz. 

[0 04 3] 016 75MB 1 8 (D-til^tWts Efcv'S 
tt*S 1 F< ^^SSMSitv'Sal/-: ^3 

;P0-pafe5. 0*, ^xA^8i5tt?J^WE<7jt^5icfi; 

[0 0 4 4] 7:7XT4j$8JgETttT5£ (7) K^TE 
S I O* + CF, -S I F, +COj - (7) 



* tfxASffiififcfcfceTS Ctl'jga LT^5. 
[0040] 

(A/%) 
5024 
5023 
4770 

io jgtfecHFj ^x««fe«ki;s i f, a^mz^M 

Stl*. 9£oT, ISft#XT»-5CF4 fcitfCHFj 
©*.fc&-ni£/£#XT*£S 1 F 4 

[0045] 01 9*3,fctfB2 otc^-n-en^-ri'S 

xA«pife(=rjfi-c«^--c*o, ■?xAXy^#i5T?^k 
f 5 <fc i fc#X«g#:fij £ fco ft. 
[0 0 4 6] S4(C->*7-tt&2 ro fcCF* fflfl?# 

20 #Ufc%S<!tt. ^T.«J&ffl!|C*^5SJ»«lSfil4.5454 
X10" J ( mol/mol ) tcM-r5^xAia±(DCF4 
©ffiT2$£SfcL£t>©T<fc£. #X«£li7x 

[0 0 4 7] j/^>7-Bi[g2ro ifll 6 0mm©*-&«, 

7xAit±©ffl£t|gj(IIi8&,»:©gtt3. 6%r*-5. 
$&, ^xAfflrt(Cfctt*CF4 i«fl[Mttl36lC-r^j: 
K ->-^y-iSg2ro aU8 0mm©«-&«, 7xAit 
±©jSffit«J«!fflffit©Stt3. 6%T*-5. Sfc. 7 
xABrtfcfcttSCF. iSSMtt^KO. lJUc-fg' 

[0 0 4 8] ->*7-*g2ro 1 Ooun(0«-&«, 
7xAit±<0j8«taj»ii8St©Mtt4. 6XT?*-5. 

Tfc*. tfxAffirtlCfcttSCF* JgggKHlfr 

ICO. 2«fT€f?S:K 

[0 0 4 9] ->t7-fiil 6 Omm (#X&J&jgKl 
0. 6m/m <Dt8£&i]xmmt&Jz\ZUr>, ->*7 
-itg 2 1 Omm 5. 7 Om/fW ©*§£ 

40 5%\Z?€fZ\,\ 7xA®rtlC*tt5CF4 »S 

gfe i %*ffi\z-rgw>. «t^T, ^7-eg©*aa 

[0 0 5 0] 



£4 

2 ro CF< ( mol/mol ) 

(mm) 7xA«t"n>8? 7xAE«SB 

160 4.4211X10-' (2.8 %) 4.3744X10' 1 (3.8 96) 



-6- 



11 

180 
210 



(7) 

4. 3818X10 2 (3.6 %) 
4. 3386X10- 2 (4.6 %) 



7-7 0 0 1 



12 

4. 3755X10" 2 (3.7 %) 
4.3471X10" 2 (4.4 %) 



S I F< 
#xA*i>« 
1.4168X10" 3 
1.8512X10- 9 
2. 3299X10" 3 



[0 0 5 1] S"\-7-i£&2 r 0 #1 6 Om<D®&\$. 

tfxA+i&»fc+ffl«fc0S i F4 

fct>*J;-K. !>xABrtlC*lt*S I F< aSgteftlC 

[0 0 5 2] yt7-@g2 r 0 *t 1 8 OmmOjg'&te, 
9xA*ib»ttBflBtO«flaSttlX"r»D. 9xA 

2 r o 
(nun) 
160 
180 
210 

£<Z)<fc5&»J^Cg:?<*S i F* 
#*LT*«. 21ilTfeHB*«*K:-r*«:»^ 01 
5fc^T«k3fc#Xttv'*7-'v;/ H4B*6«S-K« 

F 4 ftSL&ZbtTZt, SxA+*&#&EBrjKW« 
ft&fcC3TM)S i F< tt*B»T3S (8) T#A?>n 

*• 

[0 0 5 6] 

B = 7r r 2 • b »• (8) 

£(DffigE»t r fc<Z>*/J>fc<k 0«»»ltbTWW*. 
(c) r^ro 

£(D®« (S/*7-#X<B«3f««) Ttt, S 1 F4 CO 

«ac«T^ (9) nA6n§. a*, istttfxsfss 
F»a±sc (2) T4A&n*. 

[0 0 5 7] 
C = B/F 

= (Trb/Vo ) ro 2 ••• (9) 

C = B/F 
= (tc r 8 2 ro 2 b/Vo 
C^®«T«J9SC«, fgro «f*£<A£«B£X< 
fcO* BBr#**<ft*K£ffi<&*. 
[0 0 6 1] aeK^MtXyyiz-htCBIRfc 

^esutTH^feiuK^r. ft** &#x»&*3<i:tf 

Iyfl/-HWxAW6 9 OmmSStl^itei^Tai 
£b£<, £CD$3&>e>9JS;&>ft < fc'5fc. yt7-ilg2 r 
o #2 1 0m<Dt$<DXy?\s-b\t2 ro #1 6 Omm 
©fceo-tncfcOfcSX (4770/5024=0.95) igATV* 50 



[0 0 5 3] S/ir7-lK&2 ro #2 1 Omm0)S£H:. 
^xAt-t»t*W«*!:©BflESIilXT*0* 9xA 

[0 0 5 4] 1 6 Omm0)v"v7-|tg2 r 0 ©«^2 
1 O«n0v'V7--it«2 ro <&«£<h£Jt^T*££> 
*xA*A«T«»©B9*»*J: 0 fc»4 0 % «bK 
V*. ^xABrtB««fco^Tttll#©B3Wl 

[0 0 5 5] 



US ( mol/mol ) 



1. 9257X10" 3 
1.9145X10" 3 
2. 2573X10- 3 



30 



1. 4299X10'* 
1.8700X10- 3 
2. 3583X10' 3 
*ft5. 

(d) ro ^r^r 8 

^0)®«7?«K^«^jSftF«±ii; (5) T^*.*n 
5. -J!n *>^7-*fX«t»>xAfc[Rl^oT»»«*4n* 
««T*£0T, S i F4 te£f££n£o <fcoTS i F 

4 ©uwiiT* do) T#*s>n*o 

[0 0 5 8] 

C = B/F 

= Ub/Vo ) r 2 »• (1 0) 

^CD««rtTtt»SCtt, ¥Sro KfW**^ *Sr 
#**<ft*«ffl*<ft*. 

(e) ra ^ r 

WxA^6)a<«n^®«) T?tt, s i F4 

BfiBtvtTA (ID T?#A&n*. 
[0 0 5 9] 

B = 7tr 8 2 • b - (1 1) 

£-qts i F4 oMscttT* (i 2) T^*e>n*. 
ft*, nt^^xssfiF«±sc (2) T4*sn*. 

[0 0 6 0] 



) . (1/r 2 ) ». (12) 

* 0 ffi#«CF4 *;P#*F«fc&£HCT**frSS 

[0 0 6 2] s i F4 ^uav^xAaHJcaaf-r* 

£fi£Lfc$£K:, S i F4 «E>M«q(^B2!9xAB 
® ^©B*B«t«* ltx^> if KjfcWMf $ n*. 



-7 — 



(8) 



7-7 0 0 1 



13 



14 



2 ro 
(mm) 
160 
180 



* < fc* B Ex v * > y ©^HfeWftif * . 
[0 0 6 3] 



cf< *m«s S i F< *JU#$ 



210 



4.384 X10- 2 
4.379 X10' 2 
4.343 X10' 2 



Xy^W-h 
(A/min ) 

1.814 X10- s 5024 (6.9 

1.873 X10" s 5023 (6.4 %) 

2.294 X10-* 4770 (5.2 %) 

a*, --ft. s i F4 

[0 0 6 5] 



2 ro 
(mm) 
160 
180 
210 

2 ro 
(mm) 
160 
180 
210 



cf< wtm 

4.421 X10- 2 
4.382 X10" 2 
4.339 X10" 2 

CF< 

4.384 X10" 2 

4.379 X10- 2 

4.343 X10" 2 



£7 
S I F< 



1.417 X10- 3 
1.851 X10' S 
2.330 X10- 8 
S8 
S i F4 

1.814 X10- 9 
1.873 X10" 3 
2.294 X10- 3 



>>f (PE) *-FftWBbTl>**«. rtV-7s7*)y 
h i E-H*fcf4Ejr>tt>f*>Xy9 t >if (R I E) 

[0 0 6 6] 

[589§cq®£] KmivJyX^xy^ytf^T.j-Mz 

So [ 

co o 6 7] s/^7-«s©«i?Lftaa"r«»x a. 

^^XT&m0^3£®^to. 15-3. OTorrS [ 
Tj£ri<0, &7X^*hit (7X^hit3£T) OX H. 

[01] *^W^JSWIC^S^XTX^?>^>X 

[02] S/^7-«aft*f¥HH. 
[03] 5/^7-«*©-*fttt*bT«-r«»tt*¥ 



? — 
(° ) 
88.0 
86.8 
85.8 

(' ) 
87.6 
87.0 
86.0 



[04] 5/ir7-««©«l?L©HB*S-riWfHH. 
[0 5] ffl©5/^7-«i*«r¥BH. 
S> [0 6] &GP+y-9MO^%mx\,TnftWSNt 
*¥ffi0o 

[07] *»W(z>«i***'r« i tt»0 o 

[0 8] BTX^httXy^i^Sn&tfxA©-* 

^u^UT^-ra»fffl0o 

[09] iaBBaxyhSIBiWfcLTSS-rWBtx* 

0o 

[010] «XW«^#«*t*^SaU--^a>*5r* 

0o 

[011] «X W»**«t->5al/->3 >€f * 



112] *X*a»#*«r^aaI/-i/3>*7 s * 



13] 9xA|t±fc*^*ifxaflE*5ftT»tt«l 



[014] ^xAa±fc*H-«»xa**»r»tt* 



[01 5] *ffi*ckr;^xAmo*x^^7-&«a;w 

[016] S i F< »XiJ[»*t*t->5al/->3 



(9) 



7-7 0 0 1 



15 

mi 7i siF, #x«g#ft*^-r->33.i/-s/3 

[018] SiF ( ^8«M&St->Sal/->3 
[019] 9x/Mt±fc£t*&CF4 #Xffiffi£*f«r 



[02 0] *x/Mt±ic*itt«s i f< flxmrnzyR-r 



16 



1-jaaS, 2-±ffi*ffia-y K 3-->-V7- 
ffi. 6*"9xAMt*, 11 •••*«*. 12- 
28. 5 1, 5 2-/t9 7jMK. 5 3-JWMg, 5 4-* 
V-H«. 5 5HH7L 6 1-fvyf8ffi- 70-3 
>hD-5. 7 1a, 7 1b. 7 1 c -jtfXftlMi. 7 
2a. 72b, 7 2c -7X7D-3>hD-7 




46 4& &S 5S iW lift ifc 




[010] 



[016] 





-9- 



(10) 



ftM¥7-7 0 0 1 



[09] 



[011] 



Li 

La 

1-4 



GAS 

i 

lb 



ro 



50 



51 
52 



' ' t * * i r\ 



m 





re 



C012] 



[013] 





0 20 40 60 60 100 120 
*gS*r [mm] 



[014] 



[01 5] 




0 20 40 60 80 100 120 
^gjgffir [mm] 



ro 



I < , I I III I 



t I I 1 t 1 M I 



re 



[01 8] 



[01 7] 

i i i i i i i I i i n 





-10— 



(11) 



4$H¥7-7 0 0 1 




(72)?S93# «- 

UJ»URfg*W«3EI>TSSA» (SittftD 

(72) SIS 

«^«5l!f1SmiiMS3TS3#«J2 BSJfi 

(72)3593* IFft # 



(72)56?g^ ®m 

X&SlMBiffMI 3 TB 3 2 B&Jlt 

ajsamai*5*i»#"ir^T*238i#*i * 

&XU*bD>Ui39*5££ttF»9 
<72)5S!JJ# fttt 

Ul««3l«lPB#BT*T*2381#« 1 $ 

(72)589Mf Hffi a 

OlSSMil»5irfrffl«IBIH5/^650 *SCXk 



I 



-11- 



